Measles virus matrix (M) proteins were compared by competitive monoclonal antibody-binding studies.
All measles virus isolates have similar protein compositions and cannot be readily distinguished by conventional serological techniques (Majer, 1972) . The advent of monoclonal antibody techniques has permitted a fine dissection of antigenic sites on virus-specific proteins by revealing different degrees of cross-reaction of one monoclonal antibody with different measles viruses Trudgett et al., 1981) . The relationships between monoclonal antibody-binding sites on the haemagglutinin (H) protein have recently been determined using a competitive radioimmunoassay (Carter et al., 1982) . Two antibodies belong to the same binding group if the binding of one competitively reduces the binding of the other. This method provides a sensitive probe for structural differences affecting relative antibody avidity or epitope topography, and thus investigates the surface structure of the protein. Measles virus is known to establish a persistent infection in vivo which can lead to the fatal central nervous system (CNS) disease subacute sclerosing panencephalitis (SSPE). The role of the matrix (M) protein is thought to be critical in the development of this condition (Hall & Choppin, 1979 , and the M protein from SSPE viruses may be antigenically distinct (Hall et al., 1978) . It is known that mutations can accumulate rapidly in the virus genome during persistent infections in vitro (Holland et al., 1979) . Such a mechanism could account for these antigenic differences. We have therefore used a competitive radioimmunoassay to compare M proteins synthesized by virus isolates obtained from acute measles (grown in lytic infection of Vero cells) with M protein made by a measles virus persistent infection in vitro. In addition we have compared these matrix proteins with that formed during a productive SSPE virus infection in tissue culture.
Conditions for the growth of cells and viruses have been described elsewhere and monoclonal antibodies were prepared using the Edmonston strain of measles virus as antigen in the manner already reported . Competitive antibody-binding experiments'were based on the method of Stone & Nowinski (1980) , and have been described in detail elsewhere (Carter et al., 1982) . Briefly, mouse ascites fluids were fractionated using ammonium sulphate precipitation to concentrate the immunoglobulins. These were then iodinated using the chloramine T technique (Greenwood et al., 1963) . Preformed radioimmunoassay (RIA) wells (Dynatech) were coated with antigens prepared from persistently infected cells or Vero cells infected with the appropriate virus. Uninfected cell antigens were used as a control. A constant amount of iodinated antibody was then added to each well, along with an appropriate dilution of competing antibody. In this way the ability of the unlabelled antibody to block the binding of an iodinated molecule could be titrated. In each experiment a control hydridoma ascites fluid, raised against an unrelated (coronavirus) antigen (kindly provided by Dr H. Wege, Wiirzburg) was included as a negative control. The unlabelled counterpart of the iodinated antibody was always included as a positive control. Binding was allowed to proceed for 45 min at 37°C before the wells were washed and bound radioactivity was determined. The specific counts bound in the presence of the competitor were expressed as a percentage of those bound in its absence. In these experiments, specific radioactivity bound ranged between 6000 and 30000 ct/min/well. Each dilution of competing antibody was tested in triplicate and all competition curves presented here could be reproducibly derived.
In our laboratory we have obtained three hybridoma antibodies (F128, F26, F261) which cause the specific immunoprecipitation of the Edmonston virus M protein (not shown). These were independently derived in three different cell fusions. Competitive antibody-binding experiments were then performed in order to classify these antibodies into binding groups. Ideally, all competing pairs should be examined twice such that first one, then the other, antibody carries the radioactive marker. This procedure removes avidity effects, since a weakly binding antibody would not function well as a competitor of a strongly binding molecule if the latter is labelled. The reverse is clearly not true. Such a method necessitates the iodination of each antibody in turn, and this was not possible with clone F128. Cells of this clone failed to revive from liquid nitrogen storage and consequently supplies were severely limited.
The ability of each unlabelled antibody to exclude iodinated antibody F26 from Edmonston virus source antigen grown in lyric Vero cell infection is given in Fig. l(a) . All antibodies were able to reduce binding of each probe to a level consistent with non-specific attachment to uninfected cell antigens. This demonstrated that antibodies F 128 and F261 could compete with F26, but does not distinguish between the two possible arrangements of binding sites shown below (Fig. 2a, b) . However, when antibody F261 was iodinated, F26 and F128 were also able to interfere with the binding of this antibody. Consequently the binding sites of all three antibodies must overlap and it was concluded that antibodies belonged to the same binding group (Fig. 2b) . Since positive competition was observed in each case, concentration or avidity effects could be eliminated and the behaviour of antibody F128 could be deduced from the competition patterns observed by iodinating the others in the panel. The actual number of counts bound and the difference between the presence and absence of competition was found to vary with both antigen and antibody preparations.
The three antibodies were then tested on two other measles virus strains, EVA and Woodfolk, in lytic infection (Fig. 1 b, c) . Once again all antibodies functioned as efficient competitors of F26 and F261. Avidity effects could be eliminated and the antibodies still belonged to the same binding group. It therefore follows that the arrangement of these antibody-binding sites must be similar on these three proteins. The actual sites themselves cannot be greatly altered since distortion of one site, e.g. by an amino acid substitution, could affect the tightness of binding relative to the other sites and thus produce an alteration in competitive behaviour. Holland et al. (1979) have demonstrated that the vesicular stomatitis virus genome rapidly accumulates point mutations during persistent infection. We attempted to demonstrate such a process occurring during measles virus persistence in vitro by using the monoclonal antibodybinding group as a probe for structural alterations in the surface of the matrix protein. A tissue culture system persistently infected with Edmonston virus was used: the Lu 106 virus-carrier cell line (CLu) established by Norrby (1967) . Fig. 3 (a) shows the competition curves obtained using antigens prepared from this cell line. It was observed, in three independent experiments, that whilst F26 and F261 were still strongly mutually competitive, antibody F128 had a much reduced ability to compete with either of the others. Exactly how this effect was produced is not known. It is uncertain whether this finding represents a physical separation of binding sites or, more probably, an avidity effect decreasing the tightness with which F128 can bind relative to the other antibodies. It is clear however that some structural alteration must have occurred during virus persistence in vitro.
SSPE is associated with virus persistence in the human host and all SSPE viruses have been isolated from clinical material by co-cultivation or fusion with cells susceptible to measles virus. Such viruses are very similar to isolates from acute measles (Wechsler & Meissner, 1982) . No single property has been identified that clearly differentiates acute measles isolates from viruses derived from the CNS. In this respect monoclonal antibodies have been a promising method Trudgett et al., 1981) . It seemed possible that the structural rearrangement observed in measles virus persistence in vitro might also occur during the virus persistence in vivo before the onset of SSPE, and could thus provide such a differentiating marker. However, matrix protein is not produced in SSPE brain, or in the cell lines which model this situation most closely (Hall & Choppin, 1979 Machamer et al., 1981; Stephenson et al., 1981) . We therefore examined an SSPE virus isolate (Mantooth) which grows well in tissue culture, releasing infectious virus with the production of much matrix protein. A similar analysis of binding relationships using Vero cells lytically infected by SSPE virus Mantooth demonstrated that this virus was similar to the acute measles isolates (Fig. 3b) .
Measles viruses are known to be closely related serologically and we have now shown that this relationship extends to identity in that region of the matrix protein examined by competitive radioimmunoassay using these three different monoclonal antibodies. This technique could however differentiate between matrix proteins formed by lytic and persistent measles virus, which could not be distinguished by immune precipitation and electrophoretic mobility.
Consequently, structural changes can occur in the matrix protein during persistence. Such changes have already been demonstrated in the haemagglutinin molecule . The significance of the alteration in M protein is unknown, but it is tempting to speculate that the change is biologically relevant. At the passage levels used in this work, release of virus by the CLul06 cell line was poor; perhaps this is due in part to inefficient intermolecular interactions involving M protein. The competitive radioimmunoassay detects only those changes that affect the molecule's surface structure. These changes are precisely those which could affect intermolecular co-operation. It was not possible to extend this study to other SSPE viruses since insufficient counts were bound in the RIA to permit meaningful analysis. This probably reflects poor production of matrix protein rather than poor antibody-binding. However, other SSPE strains might therefore have a decreased avidity for all antibodies. During the isolation of an SSPE virus, a selection pressure is applied towards the generation of an infectious budding virus. Consequently, there may be a tendency to select for those viruses which differ least from the original measles virus. Such a process could explain the apparent similarity observed here between SSPE and measles viruses in lytic infection. This work was supported by the Deutsche Forschungsgemeinschaft. We thank Helga Kriesinger for typing the manuscript.
